The room temperature tensile and fatigue response of non-perforated and perforated titanium for laminar flow control application was investigated both experimentally and analytically.
Laminarflow controlhasbeenshownto significantlyimprovethe aerodynamic efficiency of aircraftby stabilizingthe boundarylayeralongwing surfaces, therebyreducingdrag [ 1] 
Experimental Procedure
The tensile specimens were tested monotonically to failure at a loading rate of 8900 N/min at room temperature. Axial strain measurements were made using a strain-gage extensometer with a 25 mm gage section.
Results were recorded on an X-Y plotter.
Roomtemperature constant amplitudefatiguetestswereconducted in loadcontrolatanRratio of 0.1 anda frequencyof 10Hz for variousappliedloadlevels(150to 300MPa). In analyzing the perforated titanium, an approximate solution for two comer-cracks propagating from a central hole was made by adjusting the boundary correction factor for throughcracks propagating from a central hole. Figure 3 is a schematic diagram of the corner-crack and through-crack configurations. The stress intensity factor solution for through-cracks growing from a central hole is
where S is the applied stress, c is the crack length, r is the hole radius and F is the boundary correction factor. The comer-crack stress-intensity factor solution in FASTRAN did not cover the hole diameter-to-thickness ratio used in the test specimens.
To approximate the corner-crack solution, the ratio of the stress intensity factors for a through-crack at a central hole (KTc) and a comer-crack in a bar (Kcc)was determined for a given initial crack length
The shape of the crack was assumed to be a quarter-circle. The boundary correction factor was then reduced by this factor, 4, in the through-crack solution to account for the increased life due to the crack growth from smaller initial comer-cracks.
Since commercially pure titanium plastically deforms at relatively low stress levels, two different flow stresses were used for the life predictions. The flow stress is defined as the average of the yield stress and the ultimate strength of the material [6] . Typically the 0.2% offset yield stress is used; however, due to the highly ductile nature of the titanium, both the proportional limit stress and the 0.2% offset yield stress were used to calculate two flow stresses. This allowed upper and lower bounds to be established on the fatigue life predictions for given initial flaw sizes.
Results and Discussion
The typical room temperature tensile results for the non-perforated and perforated titanium are shown in terms of the net section stress in Figure 4 . The net section stress was calculated assuming there was an average of 11 perforations across the width of the specimen. Table 2 shows the mechanical properties determined from these tests. For the perforated titanium, the ratio of the gross elastic modulus to the net elastic modulus is equal to the average volume fraction of holes,10%. Thereis lessthan5%differencein mechanical propertiesbetweenthe two materials indicatingthatthe holesdo not affectthetensileresponse of thematerial. 
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Cycles to Failure Figure 11 . Experimental and predicted fatigue life for perforated commercially pure titanium at R=O. 1 using various initial flaw sizes. 
A -Finite Element Analysis
An elastic finite element stress analysis was conducted using FRANC2D
[5] to determine whether the stress fields from the holes interact. As a comparison, a large plate with a central hole was also analyzed. The finite element meshes were generated using the CASCA mesh generator and are shown in Figure A1 . The perforated titanium sheet was modeled using six-noded triangular isoparametric elements while the large plate with a central hole used six-noded triangles in the refined region surrounding the hole and 8-noded quadrilateral elements in the coarse far field region. A linear elastic analysis was conducted by applying a uniform stress Oyy=S on y=b as in Figure A 1.
The stress contours were generated for both the perforated titanium model and the large plate with a center hole model. A comparison of the (_yy stress contours for the two cases is shown in Figure A3 . The elastic stress concentration factor is 3.10 for the perforated titanium sheet model and 3.06 for the large plate with a central hole, resulting in a similar stress field near the holes. In the ligament between the holes, the stresses are comparable to the far field stresses in the large plate. The stress fields around the holes did not influence one another and thus can be treated as acting independent of one another. The stress analysis agrees with the visual evidence of the cracking of the specimens tested at the lower stress levels, as previously mentioned, where the cracks appeared to grow along straight paths from the holes. At the higher stresses where more plastic deformation was shown, shear bands developed linking the holes (Figure 6b ). The shear bands develop in the region of maximum shear stress as indicated by the shear stress contours in Figure A4 . Because the stress analysis showed the perforated titanium resembled an large plate with a central hole, this configuration was chosen for the life prediction model. The geometry of the specimen used for the life prediction model was determined from the periodic array spacing of the perforations. The specimen width was set equal to the center-to-center spacing of the perforations in the crack growth direction and the center hole size was set to equal the average perforation diameter. Figure A3 . Comparison of the maximum shear stress contours from finite element analysis: a) unit cell representation of the perforated titanium specimen; b) large plate with a central hole.
